Abstract. Chlorine atoms may play an important role in the tropospheric chemistry of coastal areas and the Arctic at polar sunrise. However, the sources of chlorine are not well established and measuring its precursors in a specific manner is difficult. A potential approach to probe Cl production in the troposphere is to identify and measure chlorine-containing products unique to the reactions of CI with organics in air, e.g. 1,3-butadiene, which is emitted from motor vehicles. We present here product studies of the reaction of C1 with 1,3-butadiene in the presence and absence of NO in 1 atm air at room temperature using FTIR, API-MS and GC-MS. 4-Chlorocrotonaldehyde (CCA) is identified as a unique chlorine-containing product from this reaction, with a yield of (28 + 8)% (2cy) independent of the presence of NO. CCA may therefore be useful in field studies as a marker for C1 chemistry in urban coastal areas.
Introduction
The role of chlorine atoms in the chemistry of the lower troposphere has received increasing attention in recent years [Finlayson-Pitts, 1993 There is evidence for chlorine atom precursors in marine areas and in the Arctic at polar sunrise. Keene, Pszenny and coworkers measured inorganic chlorine compounds other than HC1 in the range of 13 to 127 pptv (expressed as C12*) in a coastal site in Florida using a mist chamber technique [Keene et al., 1993; Pszenny et al., 1993] . lmpey et al. [1997] measured total photolyzable chlorine compounds ranging from 9 to 100 pptv in the Arctic during the Polar Sunrise Experiment 1995 by photolysis of the air sample and scavenging any C1 atoms generated by reaction with propene to form chloroacetone. The total photolyzable chlorine is hypothesized to include mainly C12 and HOC1, but the individual compounds were not identified in either this or mist chamber studies. A more specific approach by Spicer et al. [1998] involved measuring C12 at concentrations up to 150 ppt directly for the first time in a coastal marine area using atmospheric pressure ionization-mass spectrometry (API-MS).
Another approach for investigating chlorine atom production in the troposphere is to identify and measure unique chlorinecontaining products which would not otherwise be in the atmosphere, except for C1 reactions with organics, e.g. The chloro-alkyl radicals will react with O2, followed by the selfreactions of the chloro-alkyl peroxy radicals (in the absence of NO) or the reactions of the chloro-alkyl peroxy radicals with NO (in the presence of NO) to give chloro-alkoxy radicals. These should then decompose or react with O2 to generate chlorocarbonyl compounds unique to this reaction ( 85 (m, 2H,-CH=CH-), and •59.62 (d, 1H,-CHO) . Synthesized CCA was used as a standard for reference spectra using FTIR, API-MS and GC-MS. For product quantification, because of the high wall loss of pure CCA in the gas phase, the FTIR of CCA in CC14 solution was used for calibration; this calibration was corrected by 20% based on a comparison of the integrated absorbances for gas phase and liquid phase crotonaldehyde.
Results and Discussion
Figure 2 shows the infrared spectra of the products of the reactions of chlorine atoms with 1,3-butadiene in the absence of NO (Fig. 2a) and in the presence of NO (Fig. 2b) in the 2600-3200 cm-I region. The contributions from unreacted butadiene and other identified products, chloromethyl vinyl ketone, HCHO, acrolein and HCI, have been subtracted using reference spectra. Figure 2c is a reference spectrum of CCA, which has characteristic absorptions at 2820 and 2720 cm-1, the same peaks observed in the product spectra of the Cl-butadiene reaction in the presence and absence of NO. Based on this, CCA was tentatively identified as one of the major reaction products.
To confirm this formation of CCA, API-MS and GC-MS
analyses were also performed. Single quadrupole API-MS scans, obtained after photolysis of C12 in the presence of 1,3-butadiene for 6 minutes, showed that many products were formed from the Cl-butadiene reaction, including a peak at m/z --105 (M + 1) (with its associated 37C1 isotope peak at 107) expected for CCA. These yields are not corrected for secondary reactions of CCA with OH radicals and chlorine atoms, and for the loss of 1,3-butadiene by reaction with OH radicals; modeling studies suggest that OH reactions should be responsible for -60% of the butadiene loss, so that the corrected yield of CCA for the Cl-butadiene-NO• system is -70%.
The MS/MS fragmentation pattern for m/z = 105 of the reaction products is similar to that of CCA, with major fragments at m/z = 69 and 41 corresponding to the loss of HC1 (m/z = 69) and the loss of both HCI and CO (m/z = 41) from the parent ion. Peaks at m/z = 77 and 79 were also observed in the product spectrum, but not in CCA reference spectrum, suggesting more than one isomer contributes to the m/z = 105 peak in the product mixture.
In order to distinguish between the different possible product isomers (Fig. 1) , GC-MS studies were also performed. Figure 3a shows a typical chromatogram from the Cl-butadiene reaction. The peak labeled A had the same retention time as an authentic sample of CCA. In addition, the EI-MS of this peak (Fig. 3b) was the same as that of CCA reference (Fig. 3c) . This provides further confirmation that CCA is the major product of the CIbutadiene reaction.
In addition to CCA, a number of other peaks were observed by API-MS and by GC-MS (Fig. 3a) . Peak B in Figure 3a was identified as an isomer of CCA, chloromethyl vinyl ketone. It was observed as a product of the Cl-butadiene reaction in the absence, but not in the presence, of NO.
The product yields of CCA were measured using FTIR. The spectra in 2600-3200 cm-1 region were fit using the reference spectra and a fitting 
